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ABSTRACT 

Making frequency measurements t raceable  t o  the  National Bureau of Standards 
(NBS) has t r a d i t i o n a l l y  been a problem. for c a l i b r a t i o n  labora tor ies .  There 
are seve ra l  methods for doing t h i s ,  including t h e  use of WWV, WWVB, and 
Loran-C rece ivers ,  but each method has its drawbacks. One drawback is t h a t  
users o f t en  have only t h e  manufacturer's i n s t ruc t ion  manual for support t o  
assure them t h a t  t h e i r  equipment is working, and sometimes d i f f e r e n t  pieces 
of equipment don ' t  work well together.  

Another drawback is t h a t  some kinds of equipment r equ i r e  a considerable 
amount  of time and s k i l l  t o  operate. And f i n a l l y ,  even i f  t h e  ca l ib ra t ion  
laboratory h a s  t h e  time and the  s k i l l  t o  devote t o  t h e  problem, t h e  da t a  
obtained a r e  o f t en  i n  a format t h a t  is d i f f i c u l t  t o  i n t e r p r e t .  Using such an 
approach, each user g e t s  da t a  i n  a d i f f e r e n t  format. 

The Time and Frequency Division of the  National Bureau of Standards has  
addressed each of these  problems by introducing a new NBS Frequency 
Measurement Service. and 
provides state-of-the-art frequency measurements t r aceab le  t o  t h e  National 
Bureau o f  Standards with a m i n i m u m  of effort  on the  p a r t  of the  user. 

The se rv ice  has been i n  operation f o r  over one year 

This paper provides an overview of t h e  Nl3S Frequency Measurement Service. It 
begins by discussing the  bas i s  f o r  t h e  new service, and the  equipment 
supplied with t h e  service. It shows the  advantages o f  t h e  output da t a  
obtained with t h e  service. I t  explains how t h e  sys t em works and discusses 
accuracy, r e l i a b i l i t y ,  and ease of use. The paper a l s o  discusses  how the  NBS 
supports t h e  se rv ice  with t r a in ing ,  on-line d iagnos t ics ,  published 
measurement da t a ,  and monthly performance repor t s .  
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BASIS FOR THE N E W  SERVICE 

No one quest ions t h a t  ca l ib ra t ion  laboratories need a good on-line frequency 
source. The source should have s u f f i c i e n t  accuracy t o  meet the  needs of the  
l a b ' s  customers, and should not require  an inordinate  amount of time and 
effort t o  operate. Removing the frequency source from serv ice  and sending it 
t o  the  National Bureau of Standards or  elsewhere for  ca l ib ra t ion  i s  
imprac t ica l ,  s ince  by t h e i r  nature ,  'frequency sources a re  sens i t i ve  t o  
shipment, and t o  being turned on and o f f .  

To achieve c a l i b r a t i o n s  a t  high l e v e l s  of accuracy, l abs  need t o  back-up 
t h e i r  primary frequency source with b a t t e r i e s ,  keep it running a l l  t h e  time, 
and continuously measure its performance. T h i s  becomes espec ia l ly  important 
when making c a l i b r a t i o n s  a t  state-of-the-art accuracy l e v e l s ,  because even 
small phase s h i f t s  can change the  results. 

Continuously measuring the  performance of a frequency source is  important. 
I t  takes  a long time t o  make a useful frequency measurement and sudden 
var ia t ions  i n  performance can cause po ten t i a l ly  se r ious  losses  i n  accuracy. 
The past  performance of a frequency source is j u s t  a s  important a s  t he  
present performance. The NBS recognized t h a t  l abs  needed a way t o  
continuously measure and record the  performance of t h e i r  frequency standards 
and t h a t  t h i s  process should be automated as  much a s  possible .  With these 
t h i n g s  i n  m i n d ,  t he  N E  Frequency Measurement System was introduced. 

THE EQUIPMENT SUPPLIED WITH THE SERVICE 

Users who subscribe t o  the  N B S  Frequency Measurement Service receive a 
complete frequency measurement system a t  t h e i r  laboratory.  The users  i n s t a l l  
the equipment using a de t a i l ed  ins t ruc t ion  manual. I t  requires  mounting an 
eight-foot  whip antenna on a rooftop loca t ion ,  pu t t ing  the  equipment i n  t he  
supplied cabine t ,  and connecting a few cables. A l l  of the  equipment and 
cables  needed f o r  i n s t a l l a t i o n  a re  supplied. 

The assembled system is about the  s i z e  of a component s t e reo  system and can 
e a s i l y  f i t  on a desktop o r  a sma l l  t ab l e  ( see  f igu re  1 ,  page 3 ) .  I t  cons i s t s  
of a computer w i t h  two d i s k  dr ives  and a monitor, a frequency d iv ider ,  a time 
in t e rva l  counter ,  a Loran-C rece iver ,  and a p r i n t e r .  A telephone modem and a 
time-of-day clock a r e  ins ide  the  computer. The modem provides the  National 
Bureau of Standzrds w i t h  access t o  the  da ta  and the  clock provides the  
required d a t a  timekeeping funct ions.  

WHAT THE FREQUENCY MEASUREMENT SYSTEM DOES 

The frequency measurement system is an automated da ta  acquis i t ion  system t h a t  
measures and records the  performance of from one t o  four frequency sources. 
It  is designed t o  r u n  24-hours a day, and w i l l  r e s t a r t  automatically a f t e r  
power outages. Once each d a y ,  the  frequency measurement system makes a 
pr inted p l o t  for  each o s c i l l a t o r  being measured ( see  Figures 2 and 3 ,  page 
4 ) .  
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Figure 1 - Physical Layout o f  the NBS Frequency Measurement System 
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Figure 2 - Phase plot of low-quality quartz oscillator 

Figure 3 - Phase p l o t  o f  cesium oscillator 
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The data  a r e  p r i n t e d  i n  a way t h a t  is easy t o  understand; a s  o s c i l l a t o r  phase 
s h i f t  v e r s u s  time of  day. Each day's p l o t  can be l a i d  next t o  t h e  p lo t  from 
t h e  previous day and is scaled t o  cmpensa te , fo r  t h e  amount of o s c i l l a t o r  
d r i f t .  The r e l a t i v e  frequency of the o s c i l l a t o r  being measured is p r i n t e d  on 
the phase p lo t .  Since the system can ad jus t  t he  Y-axis, it can show relative 
frequency o f f s e t s  a s  small a s  1 part  i n  t e n  t o  the fourteenth,  o r  a s  l a r g e  a s  
one p a r t  i n  ten to  the f i f t h .  This lets the system measure everything from 
low c o s t  frequency counters t o  precision atomic o s c i l l a t o r s .  

HOW ?HE FREQUENCY MEASUREMENT SYSTEM WORKS 

The frequency measurement service makes time interval measurements between 
two s igna l s  o f  t h e  sane frequency. One of these s i g n a l s  is a Loran-C 
reference frequency and t h e  other is the  o s c i l l a t o r  being measured (see 
Figure 4 ,  page 6 ) .  The time in t e rva l  counter supplied with t h e  frequency 
measurement service can measure t h e  performance of  four o s c i l l a t o r s  
simultaneously. Channel one is dedicated t o  the ca l ib ra t ion  of the  main o r  
the primary o s c i l l a t o r  i n  t h e  ca l ib ra t ion  laboratory.  The performance of 
t h i s  primary o s c i l l a t o r  is checked regular ly  by the NBS f o r  t r a c e a b i l i t y .  

Once s igna l s  a r e  connected, users of t h e  service can j u s t  wait f o r  t he  dai ly  
p lo t s .  The computer reads the counter (measurements a r e  made w i t h  10 
nanosecond r e so lu t ion ) ,  records and averages the measurements, and s t o r e s  t h e  
averaged da ta  on disk along with the time of day when the da t a  were recorded. 
Once each day, t h e  system stops taking measurements and p l o t s  a l l  of the data 
accumulated i n  the l a s t  24 hours. Measurements a r e  then resumed and the 
process continues,  recording, p lo t t i ng ,  recording, p l o t t i n g ,  e t c .  The only 
operator  a t t e n t i o n  required i s  t o  occasionally change the  da t a  disk or t o  add 
paper t o  the  p r i n t e r .  

ACCURACY OF THE SERVICE 

Loran-C was chosen f o r  t he  service for  several  reasons. I t  p rov ides  an 
extremely s t a b l e  frequency a t  a low c o s t ,  it is t raceable  t o  t h e  N B S ,  and it 
provides f u l l  coverage of t he  United S ta t e s .  Each Loran-C s t a t i o n  is 
control led by cesium standards monitored by both the  U.S. Coast Guard and the 
Naval Observatory. Loran-C typ ica l ly  provides a frequency s t a b i l i t y  of a few 
p a r t s  i n  ten t o  the 12th over a 24-hour period. T h i s  is good enough t o  check 
the performance of cesium o s c i l l a t o r s  and t o  c a l i b r a t e  any  r u b i d i u m  or quartz 
o s c i l l a t o r .  

RELIABILITY AND EASE OF USE OF THE MEASUREMENT EQUIPMENT 

The 
is tested a t  the NBS f o r  a t  l e a s t  one month pr ior  t o  shipment. 

r e l i a b i l i t y  of t he  measurement equipment i s  good. Each individual system 

The system a l so  makes it eas i e r  t o  make ca l ib ra t ions .  The p l o t s  made by the 
system show the  user how f a r  off  frequency each o s c i l l a t o r  is and which way 
it is d r i f t i n g .  A moderately priced o s c i l l a t o r  can be adjusted u n t i l  its 
performance matches t h a t  of a much costl ier u n i t .  The equipment automation 
l e t s  users concentrate on ca l ib ra t ions ,  and n o t  on t h e  day-to-day operation 
of t he  equipment . 
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N B S  SUPPORT 

Train i ng 

The N B S  t ra in ing  provided t o  subscribers of the service covers the  operation 
of the frequency measurement service and frequency ca l ib ra t ions  i n  general .  
Each subscriber t o  the serv ice  at tends a frequency measurement seminar i n  
Boulder ,  Colorado. These seminars are  l imi ted  to  small groups and provide 
ac tua l  hands-on t ra in ing  w i t h  the equipment. The seminars give users  a 
chance t o  ask questions about spec i f ic  appl icat ions they  have i n  their  own 
organizations.  

On-l ine Diagnostics 

Using the telephone modem, t h e  NBS interrogates  each frequency measurement 
system and checks it fo r  cor rec t  operation. T h i s  is done a t  l e a s t  once per 
week and more often i f  needed. The NBS can do nearly anything from t h e  
remote terminal t h a t  can be done loca l ly ,  and t h u s  can ident i fy  and resolve 
most problems t h a t  a r i s e .  

Pub1 ished Data 

The N E E  monitors the United S ta t e s  Loran-C chains, as  well a s  other time and 
frequency broadcasts, and publishes the r e s u l t s  both i n  the monthly Time & 
Frequency B u l l e t i n ,  and i n  a spec ia l  report  mailed t o  users of the 
measurement service.  The U.S. frequency standard is used as  the bas i s  for  
these measurements. Loran-C phase var ia t ions a re  usually very s m a l l ,  but the 
published data gives users  a t raceable  record. 

A monthly report  i s  sent  t o  each user of the serv ice  showing the frequency 
h is tory  of the use r ' s  primary o s c i l l a t o r  over the past  month. The report  
lists Loran-C phase s h i f t s ,  days when data were not recorded by the system, 
and other information per ta ining t o  the  use r ' s  frequency measurements. T h i s  
report  allows each user of the service t o  c e r t i f y  t h a t  t h e i r  measurements a re  
t raceable  t o  the National Bureau of Standards. 

Improvements t o  the Service 

Improvements t o  the NBS Frequency Measurement Service a re  made whenever 
necessary. These include upgrades i n  hardware, software, documentation, and 
t ra in ing  mater ia ls .  
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